In field-grown soybeans (Glycine max L. Merr. cv Harosoy) the percentage of N in the xylem as ureides increased with increasing N2 fixation. During a 9-week collection period, the ureide content varied from 9.0 to 69.2% of the xylary N. Between 9 and 11 weeks (early pod fill), there was a good correlation (r = 0.93) between C2H2 reduction and the per cent N in xylem as ureides. The per cent N as ureides, however, does not always indicate the reliance of the plant on symbiotic N2 fixation. This ureide content also depended on the level of NO3-available to the roots. Non-nodulated soybeans given from 0 to 200 kilogram N per hectare produced xylem sap which averaged from 31.8% to 9.0% N, respectively, in the xylem as ureides over the 9-week period.
In the xylem of greenhouse-grown soybeans, there are differences between xylary products of N2 fixation and nitrate reduction (14, 15, 27) . The products of N2 fixation are mostly ureides (allantoin and allantoic acid), whereas amino acids (predominantly asparagine) and NO3-result from NO3-uptake. Ureides were observed in the xylem sap of field-grown soybeans (26) and were the dominant N compound after 40 d growth, but the relationship between ureides and N2 fixation or soil N was not determined. During early pod fill, the amount of ureides extracted from shoot tissue of field-grown soybeans is significantly correlated with nitrogenase (C2H2) activity (20) . Herridge (9, 10) has proposed that the relative ureide content (ureide N/ureide + nitrate N) in soybean tissue can be used to estimate the amount of fixation in the field.
Techniques are now available for collecting phloem sap from soybeans (7, 12) but few studies (11, 13) have determined its composition. Little is known of how the N content of phloem may vary with growth conditions or plant development. We have examined the transport products of N incorporation in xylem and phloem under conditions in which N uptake by soybeans was varied. The consequent partitioning of the N within the plant was determined and compared to differences in the indi- Plants were grown two/6-L pot in coarse silica sand, inoculated with Nitragin Rhizobium japonicum inoculant, watered twice daily, and given 100 ml of N free nutrient solution (6) (17) . Total N was determined by Kjeldahl analysis with the salicylic acid modification to include N03-N (2) . Nitrate was determined by the nitration of salicylic acid in concentrated H2SO4 (4) . Total sugars in phloem sap were measured using the reaction with phenol in H2SO4 (5), and reducing sugars by the copper reduction technique (25) . Ureides were measured using differential hydrolysis followed by colorimetric estimation of the glyoxylic acid produced (28) . Because the sum ofthe NO3, ureides, and amino acids accounted for over 90% of the total N determined by Kjeldahl, this sum was used for calculating the percentage composition of the sap samples.
Nitrogenase (C2H2) was assayed on triplicate samples of two roots from which the soil was lightly shaken. The roots were placed in l-L jars, and C2H2 added to 10% (v/v). Gas samples were taken 10 and 40 min later, and C2H4 analyzed by GC.
RESULTS AND DISCUSSION Greenhouse Plants. Samples of xylem exudate taken weeldy from plants between 40 and 75 DAP averaged 87%, 18%, and 28% of N as ureides for the plants grown with N2, NO3-, and NH4+, respectively. Amino acids averaged 11%, 40%, and 66% for the same samples with NO3-comprising 2%, 4%, and 5% of the xylary N. Ureides were lowest and amino acids highest during the middle ofthe collection period. This agrees with other reports that the form of N in transport compounds of greenhouse-grown soybeans depends on the form in which N is supplied (15) and that most of the ureides are produced in the nodules (8, 24) .
The high amino acid content of xylem sap taken from NO3-grown plants supports reports that some NO3-reduction takes place in soybean roots (15, 22) . The xylem sap showed an enrichment of "N in the reduced fraction 1.5 h after beginning feeding with "NO3- (Table I ). This enrichment was higher than in the phloem sap and was not therefore recycled N.
The N distribution into plant parts was similar among treat- The initial distribution of "N was very different in plants grown on NO3-compared to those grown on either N2 or NH4' (Table II) . A considerable accumulation in the stem occurred only on the latter two forms of N. The similarity of relative enrichments of the phloem sap, however, indicated a similar proportion ofthe incorporated N was transferred from the xylem to phloem in all cases in spite of differences in the N distribution and form of the supplied N (Table I ).
In spite of the different initial distributions of N shown by the short term "N feeding experiment (Table II) , a similar final partitioning was achieved for the three N sources when the "N was traced for 2 weeks after feeding (Fig. 1) . For example, leaves and roots of N03 -grown plants lost considerable "N with time whereas stems increased in "N content. This process was reversed for N2-grown plants.
A number of factors were examined to determine how these differences in redistribution could have arisen. Apparently, composition of the phloem sap was independent of the source of N (Table III) with the ureides comprising a substantial, but not dominant, proportion in all cases. Three duplicated collections between 54 and 74 d of age for leaflets 2 to 6 contained 29 + 10% (SE), 32 ± 9%, and 32 ± 8% of the phloem N in ureides for NH4+, NO3-, and N2-grown plants, respectively. This occurred despite up to 5-fold differences in percentage of N as ureides in the xylem over this period. Field experiments. Flowering began 7 weeks after planting and by 13 weeks the plants averaged 65% podfill. The final harvest data for the plants are given in Table IV (roots and fallen leaflets and petioles not included). Figure 2 shows the nitrogenase (C2H2) activity from 5 to 13 weeks after planting. For clarity, results from the middle level of N availability (20 kg N ha-') are omitted; they lie between the 0 and 100 kg N ha-' values. The decreased nitrogenase activity at week 7 could be a result of dry weather between weeks 4 and 7 (19) . Figure 3A shows the per cent N as ureides in xylem of nodulated soybeans. Again, data for 20 kg N ha-' are omitted. The average values of the per cent N as ureides in xylem for the entire collection period are given in Table IV . There is a close similarity during growth in the patterns of nitrogenase activity (Fig. 2) and the per cent N as ureides in xylem (Fig. 3A) . When nitrogenase activity was maximum (weeks 9-1 1), the regression of acetylene reduction activity on per cent N as ureides gave a strong correlation (r = 0.93).
The relationship of xylem ureides to N2 fixation observed in greenhouse-grown soybeans (14, 15) is therefore confirmed with field-grown soybeans. The results are similar to those obtained by analysis of ureides in shoot tissue; during early podfill, there is a strong correlation between the concentration of ureides in shoot and the acetylene reduction activity of roots (20) . Figure 3B shows the ureide contribution to xylem N in nonnod plants. It is apparent that ureides in xylem are not necessarily linked to N2 fixation. The lack of adequate levels of N in the soil (resulting in up to an 87% reduction in seed yield; Table IV) also leads to an increase in ureide percentage in the non-nod plants (Fig. 3B) . Non-nod plants under N stress often exceeded some highest level of added NO3-. This was in spite of substantial acetylene reduction activity in the latter (Fig. 2) . Thus, the linkage between percentage ureides in the xylem sap and acetylene reduction was not independent of other factors affecting the plant (Fig. 4) . We have shown (20) that source-sink manipulations do not always change nitrogenase (C2H2) activity and ureide content of shoot tissue in the same way.
The proportion of xylary N as ureides depended on three factors: (a) the availability of soil N; (b) the production of ureides mM (pH 7.0) EDTA solution. Collection was in the dark for 2 h after cutting.
by the roots; (c) the production of ureides by the nodules. The calculated export of ureides of non-nod roots appeared to be a constant factor among treatments. Between weeks 5 and 9, it averaged 1.50, 1.61, and 1.21 mg ureide N plant-' d-' at levels of applied NO3-of 0, 20, and 100 kg N/ha. (The values are determined as the appropriate N increments multiplied by the corresponding percentage ureides in the xylem sap [ Fig. 3] .) The export rate in non-nods was, therefore, low compared to nodulated plants (which reached up to 10. difference between NO3-treatments, except when small, late additions of NO3-inhibited fixation without supplying an adequate alternate source of N. In this situation the per cent N in the seed was reduced to a level similar to that of non-nod plants, which produced similar yields (Table IV) . Total yield was also unaffected by the proportion ofN reaching the shoots as ureides. For nodulated plants, there was no significant chage in yield for plants receiving from 31.8% to 69.2% of their N as ureides (Table IV) . Yield and per cent N in the seed seemed to be a consequence of the total N incorporated by the plant, but not its source.
The distribution of N between the above ground parts was also constant, in agreement with the N harvest index (Table IV) (Table IV) . Figure 5 gives values for phloem ureides for the same four treatments given in Figure 2 . The wide range of xylary ureides encompassed by these treatments (Table IV) apparently had no effect on the phloem ureide level. This was true not only for petiole phloem sap but also for that collected from the fruit tip. Analyses of petiole and fruit tip phloem sap collected at node 7 between 9 and 11 weeks gave 0.63 ± 0.10 (6), 0.55 ± 0.10 (6), ( albus [18] ) is suggested for ureides independent of the xylary ureide level. Evidence supporting this is presented elsewhere (13) .
Our results confirm the relationship between ureides in xylem and N2 fixation for greenhouse-grown soybeans (14, 15) . However, the situation in the field was more complicated. A (9, 10) .
Under all conditions studied, the xylem contained a substantial quantity of ureides recently produced from newly incorporated N (Table II) by non-nod roots. This suggests a situation similar to L. albus (16) Why the nodules should produce ureides as a major source of xylary N while the root produces only small amounts is not clear. Other studies (27) have indicated that xylary composition of reduced N does not always depend on the source of N (either N2 or NO3-) in legumes. To compensate for these differences in the xylem sap, major metabolic changes must take place in the soybean shoot. To clarify these metabolic alterations the inputs, outputs, and accumulations of ureides and other metabolites must be measured throughout the life cycle for individual portions of the soybean plant ( 13) .
Ultimately, the plant can compensate for changes in N source, with the result that per cent N in the seed and yield depend only on the total amount of N incorporated by the entire plant. Indeed, distribution of N within the plant, and N harvest index depend on neither the form nor the amount of supplied N. The composition of the seeds is maintained by the phloem sap which is the major source of seed N (18) and which had a constant composition under all the conditions we tested. Such a phenomenon may be common in legumes. How the factors involved in secondary distribution are modified to compensate for the changes in xylary composition are still unknown.
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